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Cited Document 1: JP-A Publication No. Hei 06-292592 

Column's, lines 18-27: 

According to the present invention, the concentration of 
glucose, if used as a sugar source, may be varied from 0-40 mM, 
or as the sugar source in a culture medium, glucose can be replaced 
with other carbohydrates, such as fructose,, mannose, galactose, 
N-acetylglucosaraine, ribose, fucoseandN-acetylgalactosaraine, 
which are present in the sugar chain structures present in the 
glycoprotein. Alternatively, polysaccharides, such as* 
chitosan, dextran sulfate and alginate, which contain sugars 
serving as components for sugar chains may be added to .the medium 
during the culture to obtain a desired effect. 
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METHOD FOR PREPARING CULTURE MEDIUM FOR PRODUCING MONOCLONAL ANTIBODY AND ITS KIT 

MORINAGA & CO LTD 
InvontoKs): jMOQHEUW KATSUMI :SATO SUSUMU :HASHIZUME SHUICHI 
AppTtcation No. 03069271 , Filsd 19910308 . Published 19921007 

Abstract: 

PURPOSE: To provide a method for preparing a culture medium in which the production of a monocbnal antibody 
can be enhanced and obtain a kit for preparing the culture medium used for the aforementioned method. 

CONSTITUTION: A glucide and glutamine are added at various concentrations to a culture medium %wthout 
containing the gtucide and glutamine to prepare culture media. The resultant respective culture media are used to 
culture a cell capable of producing an antibody. Thereby, the concentrations of the glucide and the glutamine at 
which the production of the antibody is most enhanced are set If a kit composed of a culture medium without 
containing the giucide and glutamine. the glucide and the glutamine is used, culture media at variously changed 
concentrations of the ghjclde and glutamine can readily be prepared. Fructose is especially preferably used as the 
glucide. 

COPYRIGHT: (C)1992.JPO&Japio 

Inti Clau: C12P02:108 C12N0Q5t6 C12N01507 C12P02108 Ct2R00191 

MicroPatent Reference Number 0013^802 
COPYRIGHT: (C)JPO 
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1/1 - (C) WPI / DERWENT 
AN - 95-009082 9O2! 
AP - JP940031019 940202 
PR - JP930044587 930209 

TI - Prodn. of glyco-protein(5) having different activities 
• by culturing animal cells in medium vith varied sugar 
compsn. and/ ox concn. 

IV - PRODUCE GLYCO PROTEIN ACTIVE CULTURE ANIMAL CELL MEDIUM 
VARY SUGAR COMPOSITION CONCENTRATE 

PA • (SNOV ) SNOW BRAND MILK PROD CO LTD 

PN - JP6292592 A 941021 DW9502 C12P21/00 007pp 

ORD - 1994-10-21 

IC - C12P21/08 

rS - CPI 

DC - B04 D16 

.AB - J06292592 I^rodn. is effected by culturing animal cells 
in a medium to produce glycoprotein in medium with 
varied sugar compsn. and/or sugar concn. so that t^es 
or molecular t/ts. of sugar chains which combine with 
protein may be modified. 

- USE/ADVANTAGE - Different glycoproteins having 
different activities and stabilities with modified 
sugar chains may be produced under different culture 
conditions. Culture conditions: culture condition is" 
pref. changed by adding monosaccharides e.g. ribose, 
galactose, and glucosamine or polysaccharides e.g. 
arginic acid, dextran sulphate, and chitosan in 
different concn. in a medium. - 

- In an example, mediums were prepd. by adding glucose of 
0, 1, 2, 5, 10, 20 and 3'6mM concns. to ERDF medium 
(Jap. Pat. Disclosure No 180175/91) or replacing sugars, 
in ERDF medium with fructose, mannose, galactose, 
N-acetylg lycos amine, or ribose. Then human/ human 
hybridoma C5TN cells which is subclass of hybridoma 
HB4C5 and secrets human Ig H antibody were cultured at 
50000 cells/ml at 5% C02 at 37 deg.C for 24 hrs. Then, 
the supernatant soln. was sepd. The cells were cultured 
for 48 hrs. in the same conditions to separate the 
supernatant soln. The Ig H antibody has a region for 
combining sugar chain (-Ser-GlyrAsn-Ser-Sr*Asn-Ile-Gl 
y-) in CDRl region of VL domain. Each supernatant soln. 
was subjected to SDS-PAGE to detect 41 chains of 
different mol. wt. The mol. wt. differences are derived 
from differences of mol. wt. of sugar chains. (Dwg.0/5> 
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TECHNICAL FIELD 

[Industrial Application] In case this invention cultivates an animal cell in a culture medium and 
produces glycoprotein, by controlling the culture condition, especially culture-medium conditions of a 
cell, it changes the class or molecular weight of a sugar chain combined with protein, and relates to the 
approach of producing the glycoprotein from which the property changed. 
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PRIORART 

[Description of the Prior Art] Most of the bioactive protein which plays important roles, such as 
lymphokine, cytokine, hormone, and an immunoglobulin, in the living body is glycoprotein which the 
sugar chain combined. The polypeptide part of these glycoprotein can be mass-produced by gene 
recombination, if only cloning of the gene is carried out. However, in order that a sugar chain may not 
combine production of glycoprotein by prokaryotic cells, such as Escherichia coli, production using a 
mammalian cell is usually performed. Although the role which the sugar chain of glycoprotein plays . is 
not solved thoroughly, it is known from research of the protein which the sugar chain produced with 
Escherichia coli does not combine that a half-life in the living body will shorten remarkably the protein 
in which the sugar chain carried out deletion as compared with the glycoprotein of a basis (**-izing 
besides Murakami, 62 volumes, 1498-1510, 1988). . Moreover, the sugar chain combined with Fc part in 
an antibody is in vivo at the erythropoietin which is indispensable to the manifestation of Fc activity, 
and hematogenous hormone. The indispensable thing has become clear for the activity manifestation. 
Furthermore, it is shown clearly that the sugar chain is participating also in the antigenic specificity of 
an antibody. Murakami and others is checking that antigen recognition nature changes greatly by the 
existence of an L chain joint sugar chain, as a resuU of obtaining the hybridoma which produces the 
monoclonal antibody which has a sugar chain in the L chain of an antibody and examining this antigen 
recognition nature in a detail (Murakami H., et al, Animal Cell Technology:Basic & Applied Aspects, 
547-551, Kluver Academic Publishers, 1992). Thus, it became clear to achieve a function with the 
existence of the joint sugar chain important for the activity manifestation of bioactive glycoprotein. 
[0003] In the eukaryotic cell, a peptide part is compounded in a nucleus and the sugar chain is 
considered that a sugar chain is added in Golgi after that. Although the sugar which constitutes a sugar 
chain consists of 11 kinds of monosaccharides, such as pentoses, such as hexoses, such as a glucose, a 
galactose, a maimose, and N-acetyl glucosamine, and L-arabmose, it can constitute the sugar chain of 
the class near infinity with the combination of these Association of this sugar chain changes with 
the glycosyltransferases which a cell has. As for the cell with the abnormalities of genes, such as a 
cancer cell, the sugar chain with which the manifestation of these glycosyltransferases differs from 
deviation and a normal cell is compounded. It has been thought until now that a sugar chain peculiar to 
the cell strain combines association of a sugar chain. Moreover, in order to make it not combine a sugar 
chain, it is well known by adding about [ which is an intracellular glycosylation inhibitor ] tunicamycin 
lOmicrog/ml into a culture medium, and cultivating it that the protein which a sugar chain does not 
combine will be obtained. In the case of N-glycosidic linkage, association of a sugar chain is an 
asparagine (Asn a three-character notation shows the notation of amino acid felow). N-acetyl 
glucosamine joins together. In this case, Asn-X-Ser (or Thr) (X shows the amino acid of arbitration) A 
sugar chain combines with Asn of an amino acid sequence which has an array. Until now, changing a 
sugar chain has been performed by changing the amino acid which participates in association of this N- 
glycoside sugar chain on gene level, and changing association of a sugar chain, or changing the host cell 
in the case of transgenics. The example of production of erythropoietin can be given as a latter typical 
example. Erythropoietin is molecular weight 34000 [ about ]. It is glycoprotein and this protein is 166, It 
consists of amino acid of an individual. When a CHO cell and phi2 cell are made to introduce and 
discover the gene which carries out the code of this amino acid sequence, it is known that those sugar 
chain structures differ. Thus, a host cell is changed and the method of obtaining the glycoprotein with 
which sugar chain structures differ is learned. Moreover, glycoprotein is processed using enzymes, such 
as a glucanase, and although the approach which has cut the sugar chain enough selectively and carries 
out it is also tried, it is seldom fit for mass production method. Although the method of obtaining 
glycoprotein with the sugar chain which changes the sugar chain of glycoprotein and has a new function 
is the technique newly developed as glycoengineering recently, the actual condition is being unable to 
obtain the target sugar chain freely yet. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In case an animal cell is cultivated and glycoprotein is produced by this 
invention, by controlling culture conditions, such as a presentation of monosaccharides, such as a ribose 
in a culture medium, a galactose, and a glucosamine, or sugar concentration, the class or molecular 
weight of a sugar chain added to protein can be changed, and the glycoprotein from which the property 
changed can be produced. Moreover, an algmic acid, dextran sulfate, and a polysaccharide like chitosan 
can be added in a culture medium, the class of sugar chain or molecular weight can be changed, and the 
glycoprotein from which the property changed can be produced. The glycoprotein from which the class 
of sugar chain or molecular weight differs by this approach can be obtained. Moreover, the bioactive of 
glycoprotein can also be changed by the alteration of a sugar chain. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention persons found out a completely different 
phenomenon from production of the glycoprotein reported so far in the process in which research on the 
sugar chain structure of glycoprotein is advanced. According to the old report, as the sugar chain of 
glycoprotein v^as mentioned above, unless it is the thing of a proper and the variation of genes, such as 
canceration, takes place to the cell which discovers glycoprotein, such as a host cell, it has been thought 
that a sugar chain does not change. However, when this invention persons considered culture of an 
antibody production hybridoma, they found out that the sugar chain considered to be peculiar to a cell 
changed according to cell culture conditions. In case this invention was made based on such knowledge, 
cultivates an animal cell and produces glycoprotein, it makes it a technical problem to offer the process 
of glycoprotein which changes the class or molecular weight of a joint sugar chain by changing the 
sugar composition and/or sugar concentration in a culture medium. By changing the class or molecular 
weight of a sugar chain, it becomes possible to obtain the matter with which the activity of the 
glycoprotein obtained differs from stability. 



[Translation done.] 



http://www4.ipdlncipi.gojp/cgi-bin/tran_web_cgi_ejje 



10/15/2004 



Page 1 of 3 



MEANS 



[Means for Solving the Problem] It was a principle to choose the medium composition which was most 
suitable for growth of a cell, and not to change the culture condition in culture of an animal cell, until 
now. Therefore, the biggest technical problem in a cell culture was acting as the monitor of the various 
components which a celPs consumes, supplying the decrement of each component, and mamtaining 
optimum conditions. This invention is the sugar concentration called optimum conditions of growth of a 
cell, or different conditions from sugar composition, and is in the place which cultivates the animal cell 
which produces glycoprotein. That is, in cultivating an animal cell in a culture medium and producing 
glycoprotein, this invention is the manufacturing method of the glycoprotem characterized by changing 
the class or molecular weight of a sugar chain combined with protein by changing the sugar composition 
object and/or sugar concentration in a culture medium. The mammalian cell is the the best for the 
growth condition being known well and carrying out this invention also in an animal cell. As such a 
mammalian cell, an antibody production hybridoma, a CHO cell, CI 27 cell, etc. can be mentioned. 
Fructose is added in order for the sugar in the culture medium in the case of cultivating an animal cell to 
control generation of the lactic acid in culture medium rarely, although a glucose is usually used. 
According to this invention, when using a glucose as sugar, it is possible to change a sugar chain by 
changing the concentration in the range of 0-40mM, or replacing with a glucose, and exchanging the 
sugar in culture medium for the sugar which exists in sugar chain structures of glycoprotein, such as 
fructose, a mannose, a galactose, N-acetyl glucosamine, a ribose, fucose, and N-acetyl galactosamine. 
Or the effectiveness for which it asks by adding while cultivating the polysaccharide containing the 
sugar which constitutes sugar chains, such as chitosan, dextran sulfate, and an alginic acid, can be 
acquired. As an approach of changing the sugar chain of glycoprotein, this is a completely new 
approach. 

[0006] It cultivates by choosing the medium composition which was suitable for growth of the cell in 
the cell which produces target glycoprotein, especially the cell strain which carried out the 
transformation by transgenics. In order to change the integrated state of a sugar chain, it is desirable to 
cultivate by sugar concentration lower than the optimal sugar concentration in many cases. Although the 
culture medium in this case has a desirable serum free medixun, it does not interfere, even if it is a blood 
serum content culture medium. As a culture medium which shows the property excellent in culture of 
mammalian cells, such as a hybridoma, although MEM, F-hum 10 culture medium, F-hum 12 culture 
medium, RPMI1640 culture medium, an ERDF culture medium, etc. can be illustrated, the sugar chain 
of glycoprotein can be changed by making it 0 - 50% concentration of the optimal sugar concentration 
used for these culture media. Since the effect by sugar concentration is largeT^vhen a blood serum uses 
an indispensable cell strain for growth, it is desirable [ modification of the sugar chain by this 
invention ] to dialyze a blood serum and to remove sugar, so that it may illustrate in the example. When 
using sugar other than a glucose, the glycoprotein with which the sugar chain was changed can be 
obtained by transposing to other sugar for [ of optimum density / all glucose contents or a part of] 
growth of a cell. As sugar which shows such effectiveness especially, although monosaccharides, such 
as fructose, a mannose, a galactose, a glucosamine, and a ribose, can be illustrated, the activity of a 
galactose, a glucosamine, and a ribose is especially desirable. Moreover, as a polysaccharide, chitosan, 
dextran sulfate, an alginic acid, heparin, a chitin, a maiman, etc. can be illustrated, and especially 
chitosan, dextran sulfate, and an alginic acid are desirable. Although an alginic acid may be a salt, 
especially sodium alginate is desirable. 

[0007] If it is the cultiu-e approach suitable for a cell, no matter culture of a cell may be what culture 
approach, it is usable. For example, the suspended cell culture in a tank, the adhesion culture to a micro 
carrier or an urethane raw material, culture by the hollow fiber, etc. can be illustrated. Moreover, it may 
cultivate with the culture medium of the conventional glucose concentration suitable for the cell, and 
you may exchange for the culture medium which changed the class or concentration of sugar into the 
phase of producing the glycoprotein to which the sugar chain was transformed, very much until a cell 
becomes a fixed consistency. In the case of a polysaccharide, the solution of a polysaccharide may be 
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added so that it may become l-lOOOmicrog [/ml ] concentration into the usual culture medium. The 
glycoprotein from culture medium can carry out separation purification by the usual purification and the 
recovery approach. However, since change of a sugar chain is detectable as a difference of the molecular 
weight of glycoprotein, SDS-gel electrophoresis and the separation purification approaches by the 
difference of molecular weight, such as the gel filtration approach, are suitable. An example is shown 
below and this invention is further explained to a detail. 
[0008] 

[Example 1] This example explains how to change the sugar chain of the antibody which is glycoprotein 
produced by culture of an antibody production hybridoma. The glycoprotein obtained by especially this 
example is an antibody from which compatibility differs by the difference in a sugar chain. 
(1) The culture medium which made glucose concentration of this culture medium the concentration of 
0, 1, 2, 5, 10, 20, and 36mM by making into a basal medium the ERDF culture medium (referring to 
JP,3-180175,A) which is a serum free medium developed by preparation Murakami and others of a 
culture medium where sugar concentration differs from sugar composition was prepared. In addition, 
glucose (Glc) concentration of an ERDF culture medium is made flie optimal [ 20mM(s) ] at the time of 
a cell culture. Moreover, the culture medium which changed the sugar of this ERDF culture medium into 
fructose (Fru), a mannose (Man), a galactose (Gal), N-acetyl glucosamine (GlcNAc), and a ribose (Rib) 
was prepared. Furthermore, fetal calf serum (FCS) was dialyzed to phosphate buffered saline (PBS), and 
FCS (dialysis FCS) which does not contain monosaccharides, such as a glucose, was prepared, and it 
added so that it might become concentration 5% at each culture medium. 
[0009] (2) Homo sapiens-Homo sapiens hybridoma C5TN was used as a production glycoprotein 
production cell of glycoprotein. C5TN is the substram of hybridoma HB4C5 (Murakami et al., In Vitro 
Cell.Develop.Biol., vol.21, 593-596, 1985). Carboxypeptidase (henceforth, CPA), Double stranded 
DNA (henceforth, DNA), As opposed to Candida citchrome C (henceforth, CytC) It is the cell strain 
which secretes the Homo sapiens IgM mold antibody which has compatibility (Tachibana, H., et al., 
Biochem.Biophys.Res.Commun., vol.189, 625-632, 1992). the L chain of the antibody (following C5TN 
antibody) which this hybridoma secretes — a lambda chain — it is — this invention persons - CDRl field 
of a variable region (VL domain) -Ser-Gly-Asn-Ser-Ser-Asn-Ile-Gly- ** - it is shown clearly that it has 
the sugar chain binding site to say. In addition, this cell strain can receive distribution from the Kyushu 
University agricultural department graduate school cell technology classroom. It is this C5TN in 5ml of 
each culture medium 5x104 It wound, was crowded with the cell / consistency of ml, and cultivated for 
24 hours under 37 degrees C and 5% carbon-dioxide-gas ambient atmosphere, cells were collected, and 
the culture supematants cultivated on the still more nearly same conditions for 48 hours were collected. 
[0010] (3) SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was perforined for the culture 
supematant cultivated by separation each culture medium of the glycoprotein with which sugar chains 
differ under reduction conditions. Each lambda chain checked by the western blotting which used the ** 
lambda antibody ( drawing 1 , drawing 2 ). Although four kinds of L chains were detected, they named 
LI, L2, L3, and L4 from the one where molecular weight is larger, judging from the location of 
migration. Moreover, only L4 was compounded under the tunicamycin existence which is a sugar chain 
composition inhibitor. It was presumed that L4 is an antibody which a sugar chain does not combine. 
Production of the antibody in each culture medium was shown in a table 1. 
[0011] 
[A table 1] 

Culture-medium sugar composition (mM) The type of an L chain 

Glc 0 LI, L3, L4 Glc 1 LI, L3, L4 Glc 2 LI, L3, L4 Glc 5 LI, L2, L3, L4 Glc 10 LI, L2 Glc 

20 LI, L2 Glc 36L1, L2 Fru20 LI, L2 Man 20 LI, L2 Gal 20 LI, L2, L4GlcNAc 20L1, L3, L4 Rib 20 

LI, L3, L4 [0012] The glucose concentration in a culture medium or the 

antibody of L2 which is not obtained by the usual culture condition by change of sugar was able to be 
obtained. This antibody was separable from other antibodies with SDS-PAGE. This cell produces the 
antibody containing a lambda chain (L chain) with four kinds of molecular weight, as mentioned above, 
and the difference of this lambda chain (L chain) molecular weight is based on the molecular weight 
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difference of a sugar, chain. 

[0013] 

[Example 2] 

The sugar chain had combined with the L chain and the property change C5TN antibody of the antibody 
by the difference in a sugar chain was able to be used as the sugar chain from which molecular weight as 
shown in (3) differs this sugar chain by this invention. It checked as follows that antibody specificity 
changed with modification of this sugar chain. The antigenic specificity of an antibody can measure an 
antigen with the enzyriie immunoassay (ELIS A) using the microplate which carried out the coat <H. 
Murakami et al, Animal Cell Technology :Basic & Applied Aspects, 547- 551, 1992, Kluwer Acdemic 
Publishers). The solution with a C4TN antibody of 200 ng/ml cultivated by each culture medium was 
prepared, and the antigenic specificity of this antibody solution was measured. Measured value is Glc. 
The reactivity of the antibody cultivated and obtained by 20niM was expressed with the percentage 
made into 100%. The result was shown in drawing 3 and drawing 4 . Although CPA compatibility and 
Cytc compatibility fell with the increment in L3 and L4 when changing the content of Glc, DNA 
compatibihty reached the peak in 2mM(s). Moreover, when the sugar composition in a culture medium 
was changed, the compatibility of an antibody showed a completely different result from the antibody 
cultivated and obtained by Glc by Gal, GlcNAc, and Rib addition ( drawing 3 , drawing 4 ). Since the 
structure of the sugar chain combined with an antibody changed, this was presumed. 
[0014] 

[Example 3] The hybridoma C5TN cell was cultivated on the same conditions as an example 1 using the 
ERDF basic serum free medium which adjusted glucose concentration to lOniM(s). That is, it is 
hybridoma C5TN 5x104 It wound, and was crowded with the cell / consistency of ml, and culture was 
performed for 6 hours. After havmg collected cells after that, moving to chitosan addition (Imicrog/ 
(ml)), dextran sulfate addition (100microg/(ml)), or alginic-acid addition (100microg/(ml)) culture 
medium (ERDF) and performing culture for fiuther 48 hours, culture supematants were collected and 
dialysis concentration of this was carried out. A culture condition is 37 degrees C and 5%C02. It carried 
out like the example 1 under the ambient atmosphere. Moreover, contrast cultivated only by ERDF. 
SDS-PAGE performed electrophoresis for this concentration liquid on reduction conditions, and the L 
chain of an antibody was specifically detected by western blotting by the anti-Homo sapiens lambda L 
chain antibody. The result was shown in drawing 5 . By adding each polysaccharide, the L chain of 
28KD(s) and 30KD(s) increased as compared with culture of only a glucose. This was the result of 
proving that the sugar chain of an antibody is changing. Moreover, each obtained antibody was only an 
antibody of an IgM mold. 

[0015] " - 

[Example 4] Change of the antigen compatibility of the antibody from which the^sugar chain produced 
in the example 3 changed was checked by the approach indicated in the example 2. It measured similarly 
using the microplate which carried out the coat of the antigen, and the reactivity over each antigen was 
measured by the ELIS A method. The reactivity over each antigen observed change of coloring by the 
ELISA method by 405nm absorbance change. The result was shown in drawing 6 -8. As for the 
antibody, it was checked by change of a sugar cham that reactivity with an antigen is changing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In case this invention cultivates an animal cell in a culture medium and 
produces glycoprotein, by controlling the culture condition, especially culture-medium conditions of a 
cell, it changes the class or molecular weight of a sugar chain combined with protein, and relates to the 
approach of producing the glycoprotein from which the property changed. 
[0002] 

[Description of the Prior Art] Most of the bioactive protein which plays important roles, such as 
lymphokine, cytokine, hormone, and an immunoglobulin, in the living body is glycoprotein which the 
sugar chain combined. The polypeptide part of these glycoprotein can be mass-produced by gene 
recombination, if only cloning of the gene is carried out. However, in order that a sugar chain may not 
combine production of glycoprotein by prokaryotic cells, such as Escherichia coli, production using a 
mammalian cell is usually performed. Althou^ the role which the sugar chain of glycoprotein plays is 
not solved thoroughly, it is known from research of the protein which the sugar chain produced with 
Escherichia coli does not combine that a half-life in the living body will shorten remarkably the protem 
in which the sugar chain carried out deletion as compared with the glycoprotein of a basis (**-izing 
besides Murakami, 62 volumes, 1498-1510, 1988). . Moreover, the sugar chain combined with Fc part in 
an antibody is in vivo at the erythropoietin which is indispensable to the manifestation of Fc activity, 
and hematogenous hormone. The indispensable thing has become clear for the activity manifestation. 
Furthermore, it is shown clearly that the sugar chain is participating also in the antigenic specificity of 
an antibody, Murakami and others is checking that antigen recognition nature changes greatly by the 
existence of an L chain joint sugar chain, as a result of obtaining the hybridoma which produces the 
monoclonal antibody which has a sugar chain in the L chain of an antibody and examining this antigen 
recognition nature in a detail (Murakami H., et al., Animal Cell Technology:Basic & Applied Aspects, 
547-551, Kluver Academic Publishers, 1992). Thus, it became clear to achieve a fimction with the 
existence of the joint sugar chain important for the activity manifestation of bioactive glycoprotein, 
[0003] In the eukaryotic cell, a peptide part is compounded in a nucleus and the sugar chain is 
considered that a sugar chain is added in Golgi after that. Although the sugar which constitutes a sugar 
chain consists of 1 1 kinds of monosaccharides, such as pentoses, such as hexoses, such as a glucose, a 
galactose, a maimose, and N-acetyl glucosamine, and L-arabinose, it can constitute the sugar chain of 
the class near infinity v^dth the combination of these Association of this sugar chain changes with 
the glycosyltransferases which a cell has. As for the cell with the abnormalittes of genes, such as a 
cancer cell, the sugar chain with which the manifestation of these glycosyltransferases differs from 
deviation and a normal cell is compounded. It has been thought until now that a sugar chain peculiar to 
the cell strain combines association of a sugar chain. Moreover, in order to make it not combine a sugar 
chain, it is well known by adding about [ which is an intracellular glycpsylation inhibitor ] tunicamycin 
lOmicrog/ml into a culture medium, and cultivating it that the protein which a sugar chain does not 
combine will be obtained. In the case of N-glycosidic linkage, association of a sugar chain is an 
asparagine (Asn a three-character notation shows the notation of amino acid below). N-acetyl 
glucosamine joins together. In this case, Asn-X-Ser (or Thr) (X shows the amino acid of arbitration) A 
sugar chain combines with Asn of an amino acid sequence which has an array. Until now, changing a 
sugar chain has been performed by changing the amino acid which participates in association of this N- 
glycoside sugar chain on gene level, and changing association of a sugar chain, or changing the host cell 
in the case of transgenics. The example of production of erythropoietin can be given as a latter typical 
example. Erythropoietin is molecular wei^t 34000 [ about ]. It is glycoprotem and this protein is 166. It 
consists of amino acid of an individual. When a CHO cell and phi2 cell are made to introduce and 
discover the gene which carries out the code of this amino acid sequence, it is known that those sugar 
chain structures differ. Thus, a host cell is changed and the method of obtaining the glycoprotein with 
which sugar chain structures differ is learned. Moreover, glycoprotein is processed using enzymes, such 
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as a glucanase, and although the approach which has cut the sugar chain enough selectively and carries 
out it is also tried, it is seldom fit for mass production method. Although the method of obtaining 
glycoprotein with the sugar chain which changes the sugar chain of glycoprotein and has a new function 
is the technique newly developed as glycoengineering recently, the actual condition is being unable to 
obtain the target sugar chain freely yet. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention persons found out a completely different 
phenomenon from production of the glycoprotein reported so far in the process in which research on the 
sugar chain structure of glycoprotein is advanced. According to the old report, as the sugar chain of 
glycoprotein was mentioned above, unless it is the thing of a proper and the variation of genes, such as 
canceration, takes place to the cell which discovers glycoprotein, such as a host cell, it has been thought 
that a sugar chain does not change. However, when this invention persons considered culture of an 
antibody production hybridoma, they found out that the sugar chain considered to be peculiar to a cell 
changed according to cell culture conditions. In case this invention was made based on such knowledge, 
cultivates an animal cell and produces glycoprotein, it makes it a technical problem to offer the process 
of glycoprotein which changes the class or molecular weight of a joint sugar chain by changing the 
sugar composition and/or sugar concentration in a culture medium. By changing the class or molecular 
weight of a sugar chain, it becomes possible to obtain the matter with which the activity of the 
glycoprotein obtained differs from stability. 
[0005] 

[Means for Solving the Problem] It was a principle to choose the medium composition which was most 
suitable for growth of a cell, and not to change the culture condition in cultxire of an animal cell, until 
now. TTherefore, the biggest technical problem in a cell culture was acting as the monitor of the various 
components which a cell's consumes, supplying the decrement of each component, and mamtaining 
optimum conditions. This invention is the sugar concentration called optimum conditions of growth of a 
cell, or different conditions from sugar composition, and is in the place which cultivates the animal cell 
which produces glycoprotein. That is, in cultivating an animal cell in a culture mediimi and producing 
glycoprotein, this invention is the manufacturing method of the glycoprotein characterized by changing 
the class or molecular weight of a sugar chain combined with protein by changing the sugar composition 
object and/or sugar concentration in a culture medium. The mammalian cell is the the best for the 
growth condition being known well and carrying out this invention also in an animal cell. As such a 
mammaUan cell, an antibody production hybridoma, a CHO cell, C127 cell, etc. can be mentioned. 
Fructose is added in order for the sugar in the culture medium in the case of cultivating an animal cell to 
control generation of the lactic acid in culture medium rarely, although a"gluc5se is usually used. 
According to this invention, when using a glucose as sugar, it is possible to change a sugar chain by 
changing the concentration in the range of 0-40mM, or replacing with a glucose, and exchanging the 
sugar in culture medium for the sugar which exists in sugar chain structures of glycoprotein, such as 
fructose, a mannose, a galactose, N-acetyl glucosamine, a ribose, fucose, and N-acetyl galactosamine. 
Or the effectiveness for which it asks by adding while cultivating the polysaccharide containing the 
sugar which constitutes sugar chains, such as chitosan, dextran sulfate, and an alginic acid, can be 
acquired. As an approach of changing the sugar chain of glycoprotein, this is a completely new 
approach. 

[0006] It cultivates by choosing the medium composition which was suitable for growth of the cell in 
the cell which produces target glycoprotein, especially the cell strain which carried out the 
transformation by transgenics. In order to change the integrated state of a sugar chain, it is desirable to 
cultivate by sugar concentration lower than the optimal sugar concentration in many cases. Although the 
culture medium in this case has a desirable serum free medium, it does not interfere, even if it is a blood 
serum content culture medium. As a culture medium which shows the property excellent in culture of 
mammaUan cells, such as a hybridoma, although MEM, F-hum 10 culture medium, F-hum 12 culture 
medium, RPMI1640 culture medium, an ERDF culture medium, etc. can be illustrated, the sugar chain 
of glycoprotein can be changed by making it 0 - 50% concentration of the optimal sugar concentration 
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used for tfiese culture media. Since the effect by sugar concentration is large, when a blood serum uses 
an indispensable cell strain for growth, it is desirable [ modification of the sugar chain by this 
invention ] to dialyze a blood serum and to remove sugar, so that it may illustrate in the example. When 
using sugar other than a glucose, the glycoprotein with which the sugar chain was changed can be 
obtained by transposing to other sugar for [ of optimum density / all glucose contents or a part of] 
growth of a cell. As sugar which shows such effectiveness especially, although monosaccharides, such 
as fixictose, a mannose, a galactose, a glucosamine, and a ribose, can be illustrated, the activity of a 
galactose, a glucosamine, and a ribose is especially desirable. Moreover, as a polysaccharide, chitosan, 
dextran sulfate, an alginic acid, heparin, a chitin, a mannan, etc. can be illustrated, and especially 
chitosan, dextran sulfate, and an alginic acid are desirable. Although an alginic acid may be a salt, 
especially sodium alginate is desirable. 

[0007] If it is the culture approach suitable for a cell, no matter culture of a cell may be what culture 
approach, it is usable. For example, the suspended cell culture in a tank, the adhesion culture to a micro 
carrier or an urethane raw material, culture by the hollow fiber, etc. can be illustrated. Moreover, it may 
cultivate with the culture medium of the conventional glucose concentration suitable for the cell, and 
you may exchange for the culture medium which changed the class or concentration of sugar into the 
phase of producing the glycoprotein to which the sugar chain was transformed, very much until a cell 
becomes a fixed consistency. In the case of a polysaccharide, the solution of a polysaccharide may be 
added so that it may become 1-lOOOmicrog [/ml ] concentration into the usual culture medium. The 
glycoprotein from culture medium can cany out separation purification by the usual purification and the 
recovery approach. However, since change of a sugar chain is detectable as a difference of the molecular 
weight of glycoprotein, SDS-gel electrophoresis and the separation purification approaches by the 
difference of molecular weight, such as the gel filtration approach, are suitable. An example is shown 
below and this invention is further explained to a detail. 
[0008] 

[Example 1] This example explains how to change the sugar chain of the antibody which is glycoprotein 
produced by culture of an antibody production hybridoma. The glycoprotein obtained by especially this 
example is an antibody from which compatibility differs by the difference in a sugar chain. 
(1) The culture medium which made glucose concentration of this culture mediiun the concentration of 
0, 1, 2, 5, 10, 20, and 36mM by making into a basal medium the ERDF culture medium (referring to 
JP,3-180175,A) which is a serum free medium developed by preparation Murakami and others of a 
culture medium where sugar concentration differs from sugar composition was prepared. In addition, 
glucose (Glc) concentration of an ERDF culture medium is made the optimal [ 20naM(s) ] at the time of 
a cell culture. Moreover, the culture medium which changed the sugar of thifERDF culture medium into 
fiiictose (Fru), a mannose (Man), a galactose (Gal), N-acetyl glucosamine (GlcNAc), and a ribose (Rib) 
was prepared. Furthermore, fetal calf serum (FCS) was dialyzed to phosphate buffered saline (PBS), and 
FCS (dialysis FCS) which does not contain monosaccharides, such as a glucose, was prepared, and it 
added so that it might become concentration 5% at each culture medium. 
[0009] (2) Homo sapiens-Homo sapiens hybridoma C5TN was used as a production glycoprotein 
production cell of glycoprotein. C5TN is the substrain of hybridoma HB4C5 (Murakami et al.. In Vitro 
CelLDevelop,Biol., vol.21, 593-596, 1985). Carboxypeptidase (henceforth, CPA), Double stranded 
DNA (henceforth, DNA), As opposed to Candida citchrome C (henceforth, CytC) It is the cell shain 
which secretes the Homo sapiens IgM mold antibody which has compatibility (Tachibana, H., et al., 
Biochem.Biophys.Res.Commun., vol.189, 625-632, 1992). the L chain of the antibody (foUovraig C5TN 
antibody) which this hybridoma secretes - a lambda chain - it is - this invention persons ~ CDRl field 
of a variable region (VL domain) -Ser-Gly-Asn-Ser-Ser-Asn-Ile-Gly- ** - it is shown clearly that it has 
the sugar chain binding site to say. In addition, this cell strain can receive distribution from the Kyushu 
University agricultural department graduate school cell technology classroom. It is this C5TN in 5ml of 
each culture medium 5x104 It wound, was crowded with the cell / consistency of ml, and cultivated for 
24 hours under 37 degrees C and 5% carbon-dioxide-gas ambient atmosphere, cells were collected, and 
the culture supematants cultivated on the still more nearly same conditions for 48 hours were coUected, 
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[0010] (3) SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed for the culture 
supernatant cultivated by separation each culture medium of the glycoprotein with which sugar chains 
differ under reduction conditions. Each lambda chain checked by the western blotting which used the ** 
lambda antibody ( drawin g^ , drawing 2 ). Although four kinds of L chains were detected, they named 
LI, L2, L3, and L4 from the one where molecular weight is larger, judging from the location of 
migration. Moreover, only L4 was compounded under the tunicamycin existence which is a sugar chain 
composition inhibitor. It was presumed that L4 is an antibody which a sugar chain does not combine. 
Production of the antibody in each culture medium was shown in a table 1 . 
[0011] 
[A table 1] 

Culture-medium sugar composition (mM) The type of an L chain 

Glc 0 LI, L3, L4 Glc 1 LI, L3, L4 Glc 2 LI, L3, L4 Glc 5 LI, L2, L3, L4 Glc 10 LI, L2 Glc 

20 LI, L2 Glc 36L1, L2 Fru20 LI, L2 Man 20 LI, L2 Gal 20 LI, L2, L4GlcNAc 20L1, L3, L4 Rib 20 

LI, L3, L4 [0012] The glucose concentration in a culture medium or the 

antibody of L2 which is not obtained by the usual culture condition by change of sugar was able to be 
obtained. This antibody was separable from other antibodies with SDS-PAGE, This cell produces the 
antibody containing a lambda chain (L chain) with four kinds of molecular weight, as mentioned above, 
and the difference of this lambda chain (L chain) molecular weight is based on the molecular weight 
difference of a sugar chain. 
[0013] 
[Example 2] 

The sugar chain had combined with the L chain and the property change C5TN antibody of the antibody 
by the difference in a sugar chain was able to be used as the sugar chain from which molecular weight as 
shown in (3) differs this sugar chain by this invention. It checked as follows that antibody specificity 
changed with modification of this sugar chain. The antigenic specificity of an antibody can measure an 
antigen with the enzyme immunoassay (ELISA) using the microplate which carried out the coat (H. 
Murakami et al, Animal Cell Technology:Basic & Applied Aspects, 547- 551, 1992, Kluwer Acdemic 
Publishers). The solution with a C4TN antibody of 200 ng/ml cultivated by each culture medium was 
prepared, and the antigenic specificity of this antibody solution was measured. Measured value is Glc. 
The reactivity of the antibody cultivated and obtained by 20mM was expressed with the percentage 
made into 100%. The result was shown in drawing 3 and drawing 4 . Although CPA compatibility and 
Cytc compatibility fell with the increment in L3 and L4 when changing the content of Glc, DNA 
compatibiUty reached the peak in 2niM(s). Moreover, when the sugar composition in a culture medium 
was changed, the compatibiUty of an antibody showed a completely dififerenftesult from the antibody 
cultivated and obtained by Glc by Gal, GlcNAc, and Rib addition ( drawings , drawing 4 ). Since the 
structure of the sugar chain combined with an antibody changed, this was presxuned, 
[0014] 

[Example 3] The hybridoma C5TN cell was cultivated on the same conditions as an example 1 using the 
ERDF basic serum free medium which adjusted glucose concentration to 10mM(s). That is, it is 
hybridoma C5TN 5x104 It wound, and was crowded with the cell / consistency of ml, and culture was 
performed for 6 hours. After having collected cells after that, moving to chitosan addition (Imicrog/ 
(ml)), dextran sulfate addition (100microg/(ml)), or alginic-acid addition (100microg/(ml)) culture 
medium (ERDF) and performmg culture for fiuther 48 hours, culture supematants were collected and 
dialysis concentration of this was carried out. A culture condition is 37 degrees C and 5%C02. It carried 
out like the example 1 under the ambient atmosphere. Moreover, contrast cultivated only by ERDF. 
SDS-PAGE performed electrophoresis for this concentration liquid on reduction conditions, and the L 
chain of an antibody was specifically detected by western blotting by the anti-Homo sapiens lambda L 
chain antibody. The result was shown in drawing 5 . By adding each polysaccharide, the L chain of 
28Kp(s) and 30KD(s) increased as compared with culture of only a glucose. This was the resuU of 
proving that the sugar chain of an antibody is changing. Moreover, each obtained antibody was only an 
antibody of an IgM mold. 
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[0015] 

[Example 4] Change of the antigen compatibility of the antibody from which the sugar chain produced 
in the example 3 changed was checked by the approach indicated in the example 2. It measured similarly 
using the microplate which carried out the coat of the antigen, and the reactivity over each antigen was 
measured by the ELISA method. The reactivity over each antigen observed change of coloring by the 
ELISA method by 405nm absorbance change. The result was shown in drawing 6 -8. As for the 
antibody, it was checked by change of a sugar chain that reactivity with an antigen is changing. 
[0016] 

[Effect of the Invention] In case an animal cell is cultivated and glycoprotein is produced by this 
invention, by controlling culture conditions, such as a presentation of monosaccharides, such as a ribose 
in a culture medium, a galactose, and a glucosamine, or sugar concentration, the class or molecular 
weight of a sugar chain added to protein can be changed, and the glycoprotein from which the property 
changed can be produced. Moreover, an alginic acid, dextran sulfate, and a polysaccharide like chitosan 
can be added in a culture medium, the class of sugar chain or molecular weight can be changed, and the 
glycoprotein from which the property changed can be produced. The glycoprotein from which the class 
of sugar chain or molecular wei^t differs by this approach can be obtained. Moreover, the bioactive of 
glycoprotein can also be changed by the alteration of a sugar chain. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The detection pattern by the SDS-PAGE western blotting of lambda mold antibody 
obtained from the C5TN cell which changed and cultivated glucose concentration according to the 
example 1 is shown. 

[Drawing 2] The detection pattern by the SDS-PAGE western blotting of lambda mold antibody 
obtained from the C5TN cell which changed the glucose into other sugar and cultivated it according to 
the example 1 is shown. 

[Drawing 3] Change of the antigen compatibility of the antibody obtained from the C5TN cell which 

changed and cultivated glucose concentration according to the example 2 is shown. 

[Drawing 4] The antigen compatibility of the antibody obtained from the C5TN cell which changed the 

glucose into other sugar and cultivated it according to the example 2 is shown. 

[Drawing 5] The detection pattem by the SDS-PAGE western blotting of the Homo sapiens lambda 

mold antibody obtained from the example 3 is shown. 

[Description of Notations] 

Lane 1 : Molecule size marker 

Lane 2: Contrast 

Lane 3: Chitosan addition (lmicrog/(ml)) 
Lane 4: Dextran sulfate addition (100 mug/ml) 
Lane 5: Alginic-acid addition (100 mug/ml) 

[Drawing 6] Change of the compatibility over CPA of the antibody obtained according to the example 3 
is shown. 

prawing 7] Change of the compatibility over CytC of the antibody obtained according to the example 3 
is shown. 

[Drawing 8] Change of the compatibility over dsDNA of the antibody obtained according to the 
example 3 is shown. 
[Description of Notations] 

- O- Contrast 

- **- Chitosan addition (lmicrog/(ml)) 

- — Dextran sulfate addition (100 mug/ml) 

- **- Alginic-acid addition (100 mug/ml) 
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[Drawing 1] 




[Drawing 5] ^ 
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Drawing 2} 
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[Drawing 3] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 41 
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♦NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this truslatlon. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim I] The process of the glycoprotein characterized by changing the class or molecular weight of a 
sugar chain combined with protein by changing the sugar composition and/or sugar concentration in a 
culture medium in cultivating an animal cell in a culture medium and producing glycoprotein. 
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